Factors affecting menstrual cycles and conception were explored for captive female olive baboons. We evaluated the relationship between the social environment and adequacy of the menstrual cycle in 55 non-conceptive and 21 conception cycles from 23 females. More abnormal cycles were expected for low-status females, and social stress levels were associated with variation in menstrual cycle length. Mean cycle length was 39.9 days (medianZ38) with a mean follicular phase duration of 23.7 (medianZ22) days. The duration of the follicular phase was more variable than that of the luteal phase (meanZ15.8 days). The first cycle after postpartum resumption of cycling was not markedly different from subsequent cycles in terms of duration or probability of conception. Dominance rank was one significant factor affecting female fertility. Low-ranking females experienced more cycles prior to conception, longer cycles once cycling was well established and had smaller sexual swellings (anogenital area) than did high-ranking females. Both acute and chronic stresses may play important roles in fertility outcomes for these baboons and further research is needed to understand the role of stress and subtle menstrual cycle abnormalities in female mammal fertility. 
Introduction
In primates, the energetic and social environment of females is thought to have a profound influence on reproductive function and fertility. The effects of energetics and more precisely energy intakes on reproductive functioning have been demonstrated in studies on women and other mammals (Cameron & Nosbisch 1991 , Rosetta 1993 , Wade et al. 1996 , Dewey 1998 . Intra-and interindividual differences in reproductive performance may also be due to variation in physical activity (Loucks et al. 1989 , Rosetta et al. 1998 , Chen & Brzyski 1999 , Williams et al. 2001 , age (Strum & Western 1982 , Wasser et al. 1998 , Martin et al. 2003 , and offspring survival (Altmann et al. 1988) . The menstrual cycle is often used as a descriptor of women's reproductive hormone competence, with a range of variation associated with conception probabilities and spontaneous abortions (Small et al. 2006) .
In addition to individual, occupational, health, and energetic influences on menstrual cycles and fertility, social constraints can act to impair reproductive function (Abbott 1992 , Packer et al. 1995 ranging from a moderate diminution of reproductive hormone secretion to a complete suppression of fertility (Cameron 1997) .
Experience of acute psycho-social stress has been associated with duration and amount of menstrual bleeding, and menstrual cycle aberrations or irregularities such as oligomeorrhea, anovulatory cycles, and lutealphase deficiencies (Harlow & Campbell 1996 , Chrousos et al. 1998 , Fenster et al. 1999 , Sanders & Bruce 1999 .
In humans, it can sometimes be difficult to monitor full menstrual cycles over successive and lengthy periods for reasons such as the use of contraceptives, pregnancy, or illness. However, observations made in captive colonies of non-human primates can circumvent many of these difficulties. The reproductive hormone profiles across the menstrual cycle of the baboon are analogous to those of women (Hendrickx & Kraemer 1969 , Stevens 1997 ) and the menstrual cycle can be easily determined by monitoring turgescence of the sex skin. This species is therefore a very good model for understanding factors affecting the regulation of fertility (D'Hooghe et al. 2004) . This paper uses 2 years of data on female menstrual cycles in a colony population of olive baboons (Papio anubis) to investigate possible effects of social status, expressed via dominance rank, age, and local environment on the menstrual cycle length, duration of follicular and luteal phases, and number of cycles before conception. In previous work on this colony (Garcia et al. 2006) , we found that social dominance rank was a significant factor affecting female fertility, with low-ranking females having longer total intervals between subsequent births. Short postpartum amenorrhea was associated with being in mid or high rank, while the number of cycles to conception showed a tendency to be greater in low-ranking females. In the present work, we focus on the period of cycling until conception. The following question was addressed: does the length of menstrual cycle vary depending on dominance status, using this measure as a behavioral proxy for stress, and therefore do low-ranking females have menstrual cycles that differ in length from those of highranking ones? Given that age, physical condition, and social environment may all influence reproductive performance, we explore individual characteristics in relation to cycle length, as well as whether there is an effect of time from resumption of cycling on cycle length. The study was observational; during the study period, the nature of the enclosure precluded dung collection for subsequent hormone assay. In addition, baboon swellings have been used as signals (to males) of reproductive competence for the past 40 years; few studies, however, have explored the relations between the duration and phases of the cycle and the social context.
Results

Menstrual cycle length
One to ten menstrual cycles were recorded for each of the 23 target females, with a total of 79 observed cycles. The average number of cycles until conception was 3.6 (medianZ2.5, N censored Z1). Of the observed cycles, two were interrupted by partial swelling, detumescence, and re-inflation, and lasted respectively 58 and 77 days; these have been excluded from further analysis. Total cycle length could only be calculated for 55 nonconceptive cycles, as the duration of the full luteal phase could not be determined once a conception occurred (NZ22). Observed cycles lasted for a mean of 39.9 days (medianZ38, rangeZ27-69 days, inter-quartile ranges (IQR)Z6.0 days, NZ55).
The full duration of the first menstrual cycle after the postpartum resumption of cycling was known for 18 females (4 females conceived at first ovulation and 1 female had an interrupted first cycle). Mean first postpartum menstrual cycle length was 42.3 days. Individual variability in first menstrual cycle duration was considerable, with a range of 31-69 days (medianZ38.5; IQRZ10.0 days). Subsequent cycle lengths averaged 38.7 days (NZ37; rangeZ27-61 days; medianZ37; IQRZ6.0 days) although these were not significantly different from the length of the first postpartum cycle overall (ANOVA F 1,55 Z1.97, NS; Fig. 1 ).
There was no relationship between total cycle length and energy intake (estimated from total daily food intake measures per kilogram body mass; Garcia 2005; rZ0.11, NZ55), female age (rZ0.16) or rank as a percentage of females dominated (rZK0.08). Neither gestation length (rZK0.002, NZ19), inter-birth interval (rZK0.136), nor duration of postpartum amenorrhea (rZK0.062) were related to cycle length.
However, the length of successive cycles experienced by a female did differ considerably and these were also influenced by its dominance rank. Rank is a major factor affecting the number of cycles to conception, with highranking females experiencing fewer cycles than subordinates (rZK0.428, P!0.05, NZ22). While first cycles did not stand out overall, for each female that cycled more than once, there was a significant overall difference in length between its successive cycles (repeated measures ANOVA, sphericity assumed, F 2,7 Z15.24, PZ0.004); a female's first cycle tending to be longer than its second (pairwise comparisons, PZ0.01). While there was no significant effect of relative rank on the first postpartum cycle, there was a negative effect of relative rank on the length of the third or greater cycle after resumption of ovarian cyclicity (r s ZK0.821, PZ0.023, NZ7); subordinate females had longer cycles than did dominant ones once cyclicity was well established.
Follicular phase
The follicular phase had an overall mean duration of 23.7 days, with a range of 13-53 days (medianZ22; NZ76; Table 1 ). The duration of first follicular phase after the resumption of cycling was 27.2 days (medianZ25; rangeZ16-53 days; IQRZ8.3 days, NZ21). Follicular phase length in subsequent cycles was 22.4 days (NZ55; medianZ21, range Z13-45 days; IQRZ7.5 days), significantly shorter than that of the first cycle (F 1,76 Z4.32, PZ0.041; Fig. 2 ). There was no relationship between the mean duration of follicular phase and a female's latency to resumption of cycling (rZK0.178, NZ19).
Follicular phase length was significantly shorter for conceptive cycles (medianZ22.0 days) in comparison with non-conceptive cycles (median Z24.0 days; Wilcoxon test, ZZK2.13, PZ0.033, NZ18; Fig. 3 ). Females in the larger park (park 5) experienced significantly longer follicular phases across all cycles than did those in park 2 (F 1,76 Z5.68, PZ0.021). There was no significant effect of female age or rank, nor any interaction between these variables.
Menses
When detection of menses was possible, menstruation periods had a median duration of 4.0 days (NZ52; range, 1-8 days). There was a negative relationship between a female's relative rank and its total duration with no swelling, i.e., the duration of menses plus the duration of post-menstrual flat (r s ZK0.475, PZ0.040, NZ19); lower ranking females spent more time in an average cycle with no swelling. Females with longer menses and fewer swelling days also experienced more cycles before conceiving (r s Z0.547, PZ0.019, NZ18).
Follicular phase morphological changes to the anogenital area (AGA)
Conceptive cycles differed from non-conceptive cycles with a shorter duration of inflating and fully tumescent phases for conceptive cycles (inflating phase: MannWhitney ZZK3.21, PZ0.001, NZ18; fully tumescent phase: ZZK2.08, PZ0.037, NZ18).
The duration of the first inflating phase after resumption of cycling was significantly longer than that in subsequent cycles (ZZK2.95, PZ0.003, NZ11). For the fully tumescent phase, the first maximal swelling tended to be longer than were subsequent ones (ZZK1.73, PZ0.083, NZ11).
Females in park 5 had longer inflating and fully tumescent phases than did those in park 2 (inflating phase: UZ18.50, PZ0.047, NZ19; fully tumescent phase: UZ17.50, PZ0.038, NZ19).
Luteal phase
The duration of the entire luteal phase could only be examined in non-conceptive cycles because subsequent menses were absent in conceptive cycles ( Table 2 ). The non-conceptive luteal phase had a mean duration of 15.8 days (medianZ15.0 days; NZ55; rangeZ10-35 days; IQRZ4.0 days). While the duration of the first luteal phase after resumption of ovarian cyclicity differed only slightly from duration in subsequent cycles Inter-quartile range: distance between the 75th and 25th percentiles. Mothers of daughters had a longer luteal phase than did mothers of sons (16.0 vs 13.6 days; F 1,55 Z8.02, PZ0.008). In addition, older and low-ranking mothers had longer luteal phases (F 3,54 age rankZ2.91, PZ0.048). Thus, there appeared to be some socially or behaviorally mediated effects on the duration of the luteal phase. The 'daughter effect' was not due to a difference in offspring sex ratio among old or lowranking mothers, with 8M:9F for mid-and low-ranking mothers across all ages.
Size of the anogenital swelling
There was considerable variation among females in the size of the anogenital swelling (Fig. 4) , some of which was associated with absolute size. Swelling size was positively related to body mass (r s Z0.545, PZ0.016, NZ19) and crown-rump length (CRL; r s Z0.595, PZ0.009, NZ18). As a result, all associations between swelling size and reproductive parameters were made with partial correlations, holding body size (CRL) constant.
There was a negative correlation between inter-birth interval and AGA width measured during the postpartum amenorrheic flat stage (Kendall's tZK0.571, PZ0.048, NZ8).
During the fully tumescent phase, females with smaller swelling sizes had a longer cycle duration (Kendall's tZK0.500, PZ0.034, NZ11). There was also an effect of relative rank, with maximal swelling size increasing with dominance rank (Kendall's tZ0.477, PZ0.042, NZ11). Low-ranking females had significantly smaller swelling size (25.9G0.2 cm) than did mid-ranking females (32.4G3.2 cm, UZ0.00, PZ0.046, NZ8), whereas high-ranking females tended to have larger swelling sizes than low-ranking counterparts (UZ0.00, PZ0.083, NZ5). Since there are no rank-related differences in body size among the females (Garcia et al. 2006) , and absolute size was taken into account, these associations are independent of female body size.
Discussion
In our captive sample, the average menstrual cycle length of w40 days was similar to that reported previously for other Papio species (Stevens 1997 , Wasser et al. 1998 , Martin et al. 2003 , Gesquiere et al. 2007 ). The first postpartum cycle was more variable but not longer than subsequent cycles. Conception resulted during 17% of first cycles, in comparison with an average likelihood of 26% in any cycle (Garcia et al. 2006) . In this captive colony, the first cycle after resumption of cycling did not appear to be markedly different from subsequent cycles in terms of hormonal competence and ovulatory probability. Among human couples planning their first pregnancy, conception probabilities across cycles are similar to those observed in these baboons (Bonde et al. 1998: 15.6, 17.6, and 13 .9% for menstrual cycles 1, 2, and 3 respectively).
The number of cycles to conception differed between parks with females in park 2 having significantly more cycles prior to conception that did those in park 5 (for more details, see Garcia et al. 2006) . We suggested that either higher male fertility in park 5 or less attractive sexual swellings for females in park 2 might be causal. No effect of park on menstrual cycle length was found here and there was no difference in the swelling width between the two parks, which strengthens our suggestion concerning male quality. Males, rather than females, in park 5 may be more fertile, leading to higher reproductive rates.
Dominance rank and menstrual cycle length
Observations on long-distance runners undergoing chronic energetic or nutritional stresses during endurance training found an increased incidence of menstrual disturbances, in terms of a longer follicular phase in ovulatory cycles, higher percentage of anovulatory cycles in those women with irregular cycles, and finally an increased percentage of oligomenorrhea and amenorrhea (Rosetta 1993) . Although such chronic energetic stress differs considerably from psycho-social stresses resulting from behavioral interactions, we suggest that low-ranking females are exposed to chronic social stresses which may make them more likely to experience variance in the duration of their menstrual cycles. While the length of the first two cycles after resumption of cycling did not differ among females of different status, dominance rank was negatively associated with duration of the third or greater menstrual cycle for these baboons. In part, this is due to the marked effect of rank on conception probability, suggesting that social stress plays a role in lengthening the time to conception increasing the variance in cycle length. Long cycles are also more common among women with depression (Rowland et al. 2002) .
Both acute and chronic stresses appear to play important roles in fertility outcomes for baboons. The hypothalamic-pituitary-adrenal (HPA) axis activated during acute stress episodes could affect fertility by suppressing gonadotropin-releasing hormone (GnRH) secretion. One mechanism by which stress is inhibitory to the GnRH pulse generator is through the activation and the central release of neuroendocrine components of the HPA axis (Ferin 1999) . The inhibitory effects of acute stress on reproductive neuroendocrine activity have been demonstrated in sheep. Breen & Karsch (2006) have shown that, in the gonadectomized ewe, stress-like levels of cortisol acutely inhibited the release of luteinizing hormone (LH) by reducing pituitary responsiveness to both endogenous and exogenous GnRH pulses, rather than by inhibiting GnRH release itself. Studies in ovary-intact ewes showed an alternative mode of cortisol action. During the follicular phase of the estrous cycle, cortisol reduced LH pulse frequency, most likely via the inhibition of GnRH pulsatility, which compromised timely expression of the preovulatory estradiol rise and LH and follicle-stimulating hormone (FSH) surges (Breen et al. 2005) . The suppression of frequency provided indirect evidence that cortisol could act centrally to inhibit GnRH secretion. This suggested that the ovarian steroid milieu during the follicular phase enabled cortisol to suppress pulsatile GnRH secretion.
Factors affecting the duration of follicular and luteal phases
Variability in the length of the follicular phase was marked in these female olive baboons, while the luteal phase was more constant (see also Dixson 1998 , van Schaikh et al. 1999 . In particular, the first follicular phase after resumption of ovarian cyclicity was longer than those during subsequent cycles as noted for macaques and mandrills (Thierry et al. 1996 , Setchell & Wickings 2004 . Sex-skin swelling appeared to proceed more slowly to the fully tumescent phase in the first cycle. Setchell & Wickings (2004) suggested that this lengthening may be due to an increase in the time needed to build-up the endometrium following the ovarian quiescence of postpartum amenorrhea. However, the underlying physiological mechanisms responsible for lengthening the first follicular phase remain to be determined in the absence of data on hormonal levels during this first postpartum cycle.
Follicular phase length was shorter for conceptive cycles in comparison with non-conceptive cycles, with sex-skin swelling appearing to proceed more quickly to the fully tumescent stage during conceptive cycles, in contrast to previous studies (Bercovitch 1987 , Setchell & Wickings 2004 . Among women, the follicular phase accounts for most of the variation in cycle length, and short cycles tend to be associated with reduced conception probabilities as well as increasing age (see Small et al. 2006) . During conceptive cycles among these baboons, old and low-ranking females had a shorter follicular phase than did younger females, as previously noted by Wasser et al. (1998) . A shortened fully tumescent stage in Papio could imply earlier ovulation because ovulation is presumed to occur during the last few days of maximal tumescence (Hendrickx & Kraemer 1969 , Koyama et al. 1977 , Shaikh et al. 1982 .
The effects of stress on the menstrual cycle have been studied prospectively in non-human primate models (Xiao et al. 1999) . Whether the stress was experienced during the follicular or during the luteal phase determined the dysfunction of the menstrual cycle (Xiao et al. 2002 ). An acute stress episode during the follicular phase delayed folliculogenesis, leading to an anovulatory cycle. However, if ovulation was maintained, the duration of the follicular phase increased and the integrated progesterone secretion of the luteal phase could be significantly decreased. During the luteal phase, an acute stimulation of the HPA axis was accompanied by secretory inadequacy of the corpus luteum shown by lower LH levels and a decrease in integrated luteal progesterone secretion, although luteal phase length remained unchanged (Xiao et al. 2002) .
The menstrual flat state was the longest in our lowranking females. In effect, their sex-skin swelling appeared to be delayed. The late onset of sex-skin swelling could imply delayed follicular development and elevation of gonadotropins later in the cycle, given the dependence of sex-skin swelling on estradiol and FSH. Moreover, the number of cycles before conceiving was greater when the menstrual flat portion of the follicular phase was relatively long, both of which were associated with low-ranking females (see also Wasser et al. 1998) . The relationship between menstruation length and fertility remains unclear. Small et al. (2006) have shown an association between long menstruation lengths and lower fecundity in American women, whereas in a population of rural Bolivian women, menstruation preceding a conception was longer than menstruation not followed by conception (Vitzthum et al. 2001) . Duration of the menstrual period is the result of different components, such as uterine size, steroid hormones production, and prostaglandin production (Harlow & Campbell 1996) . As a result, it is difficult to identify key factors in its regulation. However, high levels of stress have been associated with dysmenorrhea or lengthening of menstruation in some human populations (Harlow & Campbell 1996 , Wang et al. 2004 , suggesting that further investigation of the role of stress is warranted. We found a negative relationship between relative rank and the duration of the luteal phase, with subordinate females having longer luteal phases. In cows, some studies have shown that prolonged luteal phase was associated with lower rates of conception and pregnancy and poorer reproductive performance (Shrestha et al. 2004) . It was hypothesized that an abnormal uterine environment may prevent or suppress the secretion and release of prostaglandins (PGF 2a ) by the uterine endometrium and its local transportation to the ovary, resulting in the failure of luteolysis and hence the prolonged luteal phase. Although fertility and rank are positively associated in this colony of baboons (Garcia et al. 2006) , the mechanism either does not operate through luteal phase quality, or, if it does, it rests on more subtle hormonal levels than those reflected in AGA swelling stages. Close hormonal monitoring of the menstrual cycle to assess exposure to chronic and acute stressors and physiological changes is currently underway using non-invasive sampling (A Daspre, unpublished observations).
Sexual swellings and reproductive competences
Sex-skin swellings occur in the majority of catarrhine primates living in multi-male, multi-female groups (Dixson 1998) , such as baboons. There is a consensus that sexual swellings have evolved in the context of sexual selection and that they increase female attractiveness and stimulate male sexual arousal (Girolami & Bielert 1987) . However, considerable disagreement exists on their functional significance, reflected in the number of competing hypotheses (see reviews in Dixson 1998 , Nunn 1999 , Stallmann & Froehlich 2000 . The reliable-quality indicator hypothesis (Domb & Pagel 2001) and the graded-signal hypothesis (Nunn 1999) are among the most prominent. Since female body size is correlated with swelling size, but swelling size is also independently associated with inter-birth intervals among these baboons, swellings may provide males with reliable indicators of female fertility histories as suggested by Domb & Pagel (2001) . Females with smaller swellings during the fully tumescent phase also had longer cycling phase durations, in line with the predictions of the reliable indicator hypothesis.
Materials and Methods
The study subjects were 23 female olive baboons, housed in two social groups at the CNRS (Centre National de la Recherche Scientifique) Primatology Station, France. All the females in this study were multiparous, healthy, reproducing, and weaning naturally. In terms of body composition and general health, all were larger than wild peers, with a mean body mass of 16.9G2.0 kg (rangeZ13.5-21.1 kg). Observations took place over a period of 27 months from October 2002 through December 2004 (Garcia 2005) . Females were systematically observed daily over 2 years and reproductive characteristics were recorded, including menstruation and morphological changes of the sex skin of the AGA.
Animals, housing, and diet
The composition of each group varied, with 63 individuals (2 adult males, 17 adult females, 2 adolescent females, 33 juveniles, and 9 infants) in park 2, in a 220 m 2 enclosure with climbing apparatus and an inner compartment. The second group consisted of 97 individuals (2 adult males, 1 sub-adult male, 30 adult females, 2 adolescent females, 49 juveniles, and 13 infants) in park 5, which measured 470 m 2 , again with both indoor and outdoor areas and a variety of enrichment objects. Eight females were sampled from park 2 and 15 from park 5; relative densities and group composition were similar between the parks. The groups had been formed for at least 2 years before the beginning of the initial study and thus all individuals were familiar with each other, and some matrilines (mothers and juveniles) had begun to develop (see also Garcia et al. 2006 for further details).
Baboons had free access to water and were scatter fed thrice daily with fresh fruits, vegetables, and two types of commercial monkey pellets (SDS, Vigny, France; UAR, Villemoisson-surOrge, France). Metabolizable energy value of SDS pellets was 11.9 MJ/kg and that of the UAR diet was 14.2 MJ/kg. Fruit energy was determined by weighing different specimens over time and using averages of metabolizable energy per gram. Individuals in both parks had access to an equivalent quantity of food on a daily basis (0.59 kg/individual in park 2 and 0.56 kg/individual in park 5), and nutrient intake of focal females was monitored (Garcia 2005) . The number of each type of pellet and quantity and size of carrots and apples consumed by an individual were recorded during continuous focal samples, which started when food was distributed and terminated when all food was eaten. These samples were used to estimate individual energy intake over a 24-h period (MJ/day).
Variables recorded
Age Age was determined from dental estimates of age when the animals arrived at the CNRS Primatology Station, and their previous reproductive history if known. The subject females ranged in age from 10 to 21 years, with a mean of 13.9G2.8 years. They were categorized into one of three age classes (Smuts & Nicolson 1989) , and primiparous females under 8 years were excluded: † Younger middle-aged (w9-12 years): age class 1 (NZ8, four females in park 2 and four in park 5) † Older middle-aged (w13-16 years): age class 2 (NZ11, three females in park 2 and eight in park 5) † Old and very old (O17 years): age class 3 (NZ4, one female in park 2 and three in park 5).
Rank
Female dominance rank was assessed as part of long-term behavioral monitoring over 3 years (2002) (2003) (2004) using sampling of directionality of aggressive interactions ad libitum (Altmann 1974) . Rank was based on the initiation and subsequent outcomes of all occurrences of dyadic approach-avoid and agonistic interactions (for more details, see Garcia et al. 2006) . Female rank was expressed as the proportion of females dominated (after Cheney et al. 1988) , providing a relative rank ranging between 0 (low rank) and 1 (high rank), which accounted for differing numbers of females and thus was relatively comparable across the two parks. Rank was categorized on the basis of quartiles: highZupper quartile, midZinter-quartile range, and lowZlower quartile. If rank is not highly linear, but rather, power is skewed, the arbitrary division of females into quartiles will obscure potential differences between 'alpha' individuals and a mass of relatively similar subordinate females. However, for the purposes of comparison with other studies, these high, mid, and low classes were used.
Reproductive parameters
The olive baboon has one of the largest and most conspicuous swellings of the w20 anthropoid species with obvious sexual swellings during their menstrual cycle (Dixson 1983) . The swelling affects the sex skin of the AGA. During the follicular phase of the menstrual cycle, the AGA increases in turgescence due to estrogenic stimulation (Dixson 1998) . Ovulation occurs during the last few days of maximal tumescence (Hendrickx & Kraemer 1969 , Koyama et al. 1977 , Shaikh et al. 1982 , typically 2 days before the swelling subsides. After ovulation, this decrease in swelling size coincides with a post-ovulatory rise in progesterone and a decrease in estrogen concentrations (Stevens 1997) .
AGA characteristics recorded and analyzed here were: † post-menstrual flat (immediately following menstruation, AGA is flat and uncolored), † moderate genital swelling (reddening or partial tumescence of the AGA), † large genital swelling (the volume of the swelling is maximal and bright pink), † deflating swelling (the volume of the swelling decreases to a moderate size. The onset of detumescence was recognized from the appearance of wrinkles, loss of coloration, and reduction of visible tumescence), † full detumescence (no tumescence and pale colored).
Cycle length was calculated from the first day of menstruation to the subsequent first day of menstruation. The follicular phase was defined as the interval between the first day of menstruation and the estimated day of ovulation (2 days before detumescence), whereas the luteal phase comprised the period between the day of ovulation and the day before the next menstruation.
Females were observed daily from the birth of their infant and entered the sample as soon they started to exhibit sexual cycle activity. The first cycle after a birth was called the first postpartum cycle. Latency to cycling averaged 145 days (Garcia et al. 2006) . Our analyses here focus on the duration of menstrual cycles and the duration of follicular and luteal phases within cycles. In addition, we explore the occurrence of conception; the day of conception was calculated as 2 days before detumescence. The conceptive cycle was defined as the cycle prior to the onset of pink coloration of the paracallosal skin of females, indicating pregnancy (Altmann 1970 ).
We could not, in this study, collect fecal data for reproductive hormone assay. Entry to the large enclosures with free-ranging groups was not possible; there were no areas where individuals could be confined during dung collection and the aim was to ensure that the animals were disrupted as little as possible. Reproductive data in relation to swellings have been exceptionally well documented for baboons from blood samples and vaginal swabs (Stevens et al. 1970 , Kling & Westfahl 1978 , Shaikh et al. 1982 , Bambra 1993 . Such data may be more direct in their association with AGA swelling than are fecally recovered hormones which have both gut passage time lags and variance associated with diets (Wasser et al. 1993 (Wasser et al. , 1994 ). Since we are not attempting to match individual swellings to individual hormone profiles in this paper, we rely on the well-established general profiles for follicular and luteal phases. In addition, these 23 females were the only possible subjects for inclusion in the study, as they were all breeding and weaning naturally.
Anthropometric measurements
Anthropometric measures were carried out on anesthetized females. All females in the sample (NZ23) were anesthetized once, as close to 4 weeks after their resumption of cycling as possible. They were anesthetized with ketamine (10 mg/kg by i.m. injection), a widely accepted dissociative anesthetic used in studies requiring transient animal tranquillization. During anesthesia, the females were weighed with a standard scale (accurate to the nearest 50 g) and measured for CRL, and the females were then placed with their infants in a recovery cage. The same investigators (C G, L R) were responsible for all body measurements to minimize inter-observer error. CRL was the distance in centimeters between the highest point on the head to the ischial callosities and was measured with a supine-length measuring table. The absolute size of the anogenital swelling was measured for 19 out of 23 females at the 4-5 weeks postpartum anesthesia. The swelling width was measured as the maximum length of the paracallosal skin. This swelling size parameter was the distance in centimeters between the right and left extremities (at the limit ischial callosities-hair), and was measured with an accuracy of one decimal.
Ethical considerations
All manipulations and treatments of the subjects had ethical approval from the Comité Regional d'Ethique sur l'Expérimenta-tion Animale (Marseille, France) and followed European Science Baboon menstrual cycles Foundation animal handling guidelines to minimize pain and distress. Since the aim of the study was to assess normative reproductive behavior in the social context, the social separation stress to the female and its infant was minimized. Trapping and measurements were considered to be interventions, but not invasive procedures.
Statistical analysis
Shapiro-Wilks tests were used to examine normality of the dataset. Where data were not normally distributed, we log transformed duration variables for use with parametric statistics. We explored variation among cycles for individual females using repeated measures tests on logged data, although there was high natural variation in the number of repeats (from 0 to 9) among females. For data that could not be normalized, we used nonparametric Mann-Whitney U tests in comparisons between groups of females and Spearman r s for correlations. We present means, medians, and IQR for data. When data (such as duration of a specific cycle phase) were missing for any individual female, it would be excluded from relevant analyses, although it might contribute to other analyses where data were available. Thus, sample sizes vary in the different statistical tests.
All statistical analyses were performed with SPSS for Windows version 11 (SPSS Inc., Chicago, IL, USA) with the significance level set at P!0.05.
